The purpose of this study was to determine the body surface area (BSA) based on the alginate method, to derive formulae for estimating BSA, and to compare the error of the present formula to previous formulas obtained from other countries. We directly measured the entire body surface area of 34 males (20-60 years old, 158.5-187.5 cm in height, 48.5-103.1 kg in body weight) and 31 females (20-63 years old, 140.6-173.1 cm, 36.8-106.1 kg) using alginate. (r 2 ϭ 0.999). The mean error of the formula was Ϫ0.1%, and did not show any significant difference by gender or body shape. When applied to the datasets (nϭ506) composed of various races (Caucasians, Africans, and Asians), the mean error of the formula was 0.4% and was smaller than that of DuBois & DuBois's, Gehan & George's, and Mosteller's formulas when applied to the same datasets. The errors of the three previous formulas were also within 2%. Overall, formulas based on the DuBois exponent (Weight 0.425 Height 0.725 ) did not show any tendency of overestimation or underestimation by body shape, but other BSA-formulae showed differences by body shape. The present BSA formula has shown good accuracy in Korean adults of all weight categories compared to traditional formulas.
Introduction
Body surface area (BSA) is the total area of a human's skin. BSA has been used as a biometric unit in comprehensive areas, such as physiology, clinical medicine, pharmacology, ergonomics, environmental toxicology and the science of nutrition (Pinkel, 1958; Smith, 1951; Krovetz, 1965) . Many researchers would agree that physiological phenomena are more closely related to BSA than body weight or height. However, BSA is still known as the most difficult item of the human body to measure. Because of this, efforts have been conducted to estimate BSA using formulas instead of measuring BSA directly.
The most popular formula applied universally is the DuBois and DuBois's formula (1916) . However, it has been suggested that it has a weakness because the formula was based on a small sample of only nine subjects (six males and three females). The formula's accuracy has often been questioned (Breitman, 1932; Boyd, 1935; Haycock et al., 1978; Verbraecken et al., 2006) . Some researchers wondered whether it was sufficient for estimating BSA with just two explanatory variables, body weight and height (Takai and Shimaguchi, 1986) . Some other researchers thought the formula should be distinguished between gender or body shape (Choi, 1956; Tikuisis et al., 2001) . Nevertheless, the reason few formulas have yet been derived based on sample populations large enough to avoid extrapolation is related to the difficulties of taking direct measurements.
Typical practices used to measure BSA include coating methods (using paper, inelastic tape, plaster bandage or aluminum foil), surface integration and geometric (or triangulation) methods. One of the greatest difficulties in measuring BSA directly is that these methods are too laborious and tiresome for both subjects and researchers. Recently, some researchers have become interested in three dimensional (3D) whole body scanning for estimating BSA (Tikuisis et al., 2001; Yu et al., 2003) . However, the accuracy of studies using 3D whole body scanning have also been questioned, because the method cannot recognize overlapping or shading body parts, such as fingers, armpits, toes, and under breasts. 3D scanning underestimated the BSA of overweight people because of the skin's folds (Lee and Choi, 2005) . Lee and Choi (2006) suggested a new method using alginate to measure BSA. This method has many advantages that are less time-consuming than traditional coating methods and can even measure the skin folds of the overweight and thin, in addition to small body parts such as fingers, toes, and ears. The validity and reliability of the alginate method was evaluated (Lee and Choi, 2006) .
The purpose of this study was 1) to determine the body surface area of Korean adults using this alginate method, 2) to derive a formula for estimating BSA, and 3) to compare the error of the formula to previous formulas obtained from other countries. In particular, we focused on finding the limitations of generalization of BSA by height and body weight.
Methods

Sampling subjects
The present study did a stratified random sampling in the range of Korean adults' height and body weight, on the basis of 'SIZE Korea 2004 (2004 '. First, we divided adultpopulations by height (4 cm-intervals) and body weight (5 kgintervals) into cells. For each cell, we set the number of subjects on the basis of the percentage of the real population by the height and body weight of Koreans. Through this process, a total of 65 Korean adults (34 males, 31 females) participated as subjects. The age of subjects had a mean of 29.7 years (20-60 years) for males, and 35.0 years (20-63 years) for females. The height was 172.9 cm (158.5-187.5 cm) for males, and 159.0 cm (140.6-173.1 cm) for females. The body weight was 68.6 kg (48.5-103.1 kg) for males, and 59.3 kg (36.8-106.1 kg) for females (Table 1) . Prior to participation, written and informed consent was obtained from all subjects. The present study has been approved by the IRB of the College of Human Ecology in Seoul National University.
Anthropometric items
For explanatory variables in constructing formulas to estimate BSA, 22 regional circumferences (from the head to the foot), hand and foot length, body weight, and height were measured. For calculating body fat (%), the thickness of subcutaneous fat was measured using both a caliper and a supersonic-instrument (SEIKOSHA SM-206, Japan). The body regions measured were as follows: the chest, the abdomen, and the front thigh for males, and the back of the upper arm (triceps), the left iliocristal point and the front of the thigh for females. Sixty-five subjects were divided into five groups (10 lean, 12 slightly lean, 18 normal, 11 slightly overweight, and 14 overweight people), based on the following four criteria:
Body mass index (BMI), body fat (%BF), Broca index (BI), and a subjective evaluation using photographs.
Measurement of body surface area: alginate method
BSA was directly measured using alginate. The validity and reliability of the alginate method was reported (Lee and Choi, 2006) . The procedure was as follows: First, lines were marked on the whole body according to the demarcated lines. After marking, the BSA was measured by an alginate method. Alginate (Jeltrate ® Regular set. DENTSPLY LTD, England) is a fine powder mainly used in forming artificial teeth in dentistry. The material is hardened by contact with water, but the surface of alginate remains soft like rubber gloves. After preparing alginate powder, a rubber ball, and a knife (only for the alginate), the alginate powder was put into the rubber ball and water was poured into the ball. After stirring them well, the doughy alginate material was evenly coated on the skin, about 3 mm thick. About 1 or 2 minutes later, the material hardened to a certain degree. Then the alginate piece was separated from the surface of the skin. Since the demarcated lines were copied inside the alginate pieces, the piece was cut into sub-pieces along the copied lines and the line's contours were copied onto paper. The area of a contour copied on the paper was then scanned by a 2D scanner. The scanned image was transformed into an electronic file (*.bmp), and then an image program (Image Pro) calculated the area of the bmp file.
Collecting datasets relating to BSA from previous studies
After a thorough search of the previous literature related to BSA, anthropometric datasets were selected from various countries including Europe, America, Japan, India, Nigeria, and Korea. All data measured BSA using direct methods. We excluded data using triangulation and a 3D whole body scanner. 272 males and 234 females were selected (the total number of subjects was 506). The subjects were 0-66 years of age, 50-193 cm in height, and 3-106 kg in weight.
Data analysis
Formulas for estimating BSA were developed through simple and multiple regression analyses using SPSS V. 12.0 (SPSS Inc.). Correlations between explanatory variables and a response variable (BSA) were examined. Proper variables were selected through a stepwise procedure. In multiple regression models, interaction effect and multicollinearity between explanatory variables were also examined. For tentative models, the significance of regression models was evaluated through F-ratios of ANOVA and t-tests. Goodness-of-fit in a regression model was evaluated using the coefficient of determinant (r 2 ), standard error of the estimate (SEE), and mean squared error (MSE). Additionally, homoscedasticity, independence, and normal distribution of residuals in all tentative equations were examined through residual analysis. The significance difference was set at pϽ0.05. In the present study, the error and absolute error were defined as follows:
Results
Whole body surface area and correlations between variables
The BSA measured using the alginate method had a mean of 18,339 cm 2 (15,416-22,753 cm 2 ) for the 34 males, and 16,452 cm 2 (12,825-22,025 cm 2 ) for the 31 females (Table 1) . For the first step in constructing a regression model to estimate BSA, the coefficients of correlation between the anthropometric items and BSA were examined. All anthropometric items (body circumferences, height, and weight) showed significant correlation to BSA. The item showing the biggest correlation was body weight (rϭ0.959 for males, rϭ0.971 for females, Fig. 1 ). The next strongest variables were hip circumference (rϭ0.898 for males, rϭ0.903 for females). The correlation between height and BSA was significant but weak (rϭ0.585 for males, rϭ0.476 for females, Fig. 1) . Also, the result of stepwise regression selected body weight as the best explanatory variable of model 1 (r 2 ϭ0.919). For model 2, height was added into model 1 (r 2 ϭ0.976), and head circumference into model 2 (Model 3, r 2 ϭ0.979). Based on the results of correlation and stepwise regression, body weight and height were selected for developing regression models.
Further, the BSA showed a stronger correlation by transforming items, using their sum, product, or the exponential forms than when using a single factor. For the product of height and body weight, the correlation showed the greatest coefficient with BSA (rϭ0.982, Fig. 2 ). Especially in the case of transforming as a DuBois exponent (Height 0.725 Weight 0.425 ), the coefficient of correlation was rϭ0.984 ( Fig. 2) . Although three explanatory variables were used, the coefficient of correlation was not greater than that of two explanatory variables (e.g., 0.984 for both 'HeightϫWeightϩHip circumference' or 'HeightϫWeightϩ Calf circumference'). Table 2 shows the outputs of multiple linear regression models using height (H) and weight (W). The formulas were divided into four types: 1) (WϫH) 0.5 , 2) W 0.425 ϫH 0.725 ; 3) W a ϫH b ; 4) aW ϩbH . The coefficients of determination (r 2 ) of all formulas was over 0.96 (Table 2, pϽ0.001). That is, body weight and height can account for over 96% of the total variance of the body surface area. The present study selected one formula for both genders, not separate formulas for each gender, because r 2 or significant levels (p), among formulas for males, females, and both genders together, were similar (Table   2 ). Based on height and body weight, four models were selected (Table 3) .
Derivation of formulae to estimate BSA
The accuracy of BSA-formulas derived from the present study and previous studies
The mean error of the formulas derived from the present study was Ϫ0.29% for [Eq. 1], and Ϫ0.10% for [Eq. 2], 0.16% for [Eq. 3], and 0.02% for [Eq. 4] . The error of four formulas did not show any significant difference by gender (Table 3) . However, in the case of re-analyzing the data by body shape, [Eq. 1] showed a tendency to underestimate the BSA in the lean group and overestimate the BSA in the overweight group (Table 4) .
Sixty-five anthropometric datasets (height, body weight, and BSA) obtained from the present study were applied into the various formulas selected from previous studies (Table 5) Gehan and George's formula (1970) , the mean error was Ϫ1.2%. However, the Nwoye's formula (1989) based on Africans, showed a tendency of overestimation by 11.3%. Choi's formula for males (1956) showed the least mean error among all previous formulas (Table 5) . Choi (1956) and Tikuisis et al. (2001) proposed separate formulas for males and females, but there was no tendency that a formula for males was more accurate for males, and vice versa. The formulas based on the form of 'HeightϩWeight' did not seem to be more accurate than other forms of formulas (Table 5 ). In a formula based on three explanatory variables, the mean error of Takai and Shimaguchi's model (1986) was Ϫ4.2%. Despite using three explanatory variables, the error did not decrease.
Application of anthropometric datasets collected from previous studies into the formulas derived in the present study
The selected 506 anthropometric datasets were applied into the [Eq.1]-[Eq.4] derived from the present study and other four formulas from previous studies. We selected the following four formulas from previous studies: DuBois and DuBois Determination of Body Surface Area (1916), Gehan and George (1970) , Mosteller (1987) , and Nwoye (1989) . The reasons why the formulas were selected were as follows: the DuBois and DuBois's formula has been universally applied, Gehan and George's formula was selected by the US EPA (1985) as a standard, Mosteller's formula is preferred in clinical medicine, and Nwoye's formula was derived from Africans as subjects. It is known that Africans' body shape is distinctive compared with Asians. Table 6 ). Nwoye's formula showed a tendency to strong overestimation by 12.0% (Table  6 ). The correlation between the BSA measured in previous studies and the BSA estimated by eight formulas was examined. Formulas that showed the greatest coefficients of correlation were [Eq. 2] and DuBois and DuBois's formula (1916) (rϭ0.975, pϽ0.01, Table 6 ).
To examine the error in extrapolation, we selected datasets within extreme ranges (HeightϽ130 cm, WeightϽ30 kg, BSAϽ10,000 cm 2 ; Nϭ44). For this range, the error increased except in Nwoye's formulas (Table 7 ). In particular, for [Eq. 4] based on the 'HeightϩWeight', the increase rate of error was the greatest. To examine error by body shape, we selected the overweight (BMIϾ27, Nϭ28), the normal (21ϽBMIϽ24, Nϭ158), and the lean (BMIϽ19, Nϭ141) among the 506 datasets, and applied the eight formulas to the datasets. 
Discussion
Are 'body weight and height' the best explanatory variables to estimate BSA?
Most researchers selected body weight and height as explanatory variables for estimating BSA. However, we could ask if there are better explanatory variables than body weight or height. In the present study, the explanatory variable showing the strongest correlation with BSA was body weight. Through stepwise analysis as well, body weight was selected as the first explanatory variable. Takai and Shimaguchi (1986) also showed that body weight was the most significant regressor for predicting BSA. Therefore, there may be no doubt that body weight is one of the best explanatory variables. For another explanatory variable, height, the correlation with BSA was weaker than other body circumferences. Nevertheless, stepwise analysis selected height as the second regressor next to body weight. That is, our results support the traditional view that body weight and height are better explanatory variables for estimating BSA than any other anthropometric variables we measured.
However, why was height selected as the second regressor, even though the correlation with BSA was weaker than many other circumferences? We can find the reason through the inter-correlations between explanatory variables. If there is a strong-linear relationship among the explanatory variables, the problem of 'collinearity' may be raised. In the present study, the coefficient of correlation between body weight and height was small (rϭ0.456). However, the coefficient of correlation between body weight and other circumference items, such as the hip or minimum calf circumference, was greater than the coefficient of correlation between BSA and the body circumference items. Therefore, collinearity may be high in the formulas using body circumferences and body weight together as the explanatory variables.
Is it sufficient to estimate BSA with just two explanatory variables?
The correlation between BSA and variables transformed using three explanatory variables was not greater than that using two explanatory variables. In stepwise analysis, the coefficient of determinant of the model using three explanatory variables did not significantly increase compared to the model using two explanatory variables. Moreover, in the case of the formulas using three independent variables, multi-collinearity may be raised as an important problem.
Let us take a look at the case of Takai and Shimaguchi's formula (1986) . Takai and Shimaguchi wondered whether just two variables (body weight and height) are sufficient for the estimation of BSA. Through multiple regression analysis, they finally decided to include the head circumference in their formula. However, the error of the formula when applied to the 65 datasets of the present study was not smaller than the error using the formulas based on just two variables (Table 5) . Takai and Shimaguchi's model showed a mean error greater than that in DuBois and DuBois's formula, or Mosteller's formula (Tikuisis et al., 2001) . Therefore, we suggest that it is sufficient to estimate BSA with just two explanatory variables in terms of height and body weight.
Should the formula for estimating BSA be distinguished by gender or body shape?
In general, physique and body shape are different between males and females. We can have a question whether the formula should be distinguished by gender or not. If there is any evidence that gender difference is larger than individual differences in the human body shape, a formula for each gender may be needed. While Choi (1956) and Tikuisis et al. (2001) had proposed different equations for males and females, Yu et al. (2003) reported that there seems to be no difference between genders in their model. In the present study, the coefficient of determinations (r 2 ) or significant levels (p) among formulas for males, females, and both genders together were similar. The correlations between BSA and explanatory variables did not show any significant difference by gender. Moreover, the formulas separated by gender (Choi, 1956; Tikuisis et al., 2001 ) did not show any advantages. That is, when applying the anthropometric data of 34 males and 31 females to previous formulas for males and females respectively, no proof could be found that the equation for males better estimated male BSA than female BSA, or the equation for females was more accurate in females than males. For these reasons and the principle of simplicity, we suggest one formula for both genders.
For Gehan and George's, Mosteller's, or Nwoye's formula, we should remember that the formulas may have a tendency to overestimate the BSA of the overweight group and underestimate the BSA of lean people. On the contrary, formulas based on the sum of height and weight, like [Eq. 4] , may show the inverse tendency. Only [Eq. 2] did not show any significant difference by body shape, and the error was also the least.
How large is the error of formulas to estimate BSA?
The mean error of the formulas derived from the present study was less than 0.3%. When DuBois and DuBois (1916) calculated the difference between the BSA estimated by the formula derived in their own study and the BSA measured using their coating method, the mean error was about 1.7%. How large are the errors of previous formulas when applied to the 65 datasets obtained from the present study?
Among formulas based on √ෆ (Heightϩෆ Weight), Yu and his colleagues' formula showed the tendency of underestimation (Table 5) . These results may be related to the fact the BSA was measured using 3D scanning. It is known that the 3D whole body scan is easy and fast to measure BSA, but cannot recognize the overlapping or shading parts such as fingers, armpits, toes, and under breasts. Lee and Choi (2005) reported that 3D scanning underestimated the BSA of overweight people because of the skin's folds. The 3D scanning to estimate BSA would be a convenient and efficient method in some restricted cases, such as subjects are not out of the range of normal body shape, and the regional surface area of hands and feet are able to be estimated, or the purpose of the study is a rough screening with a number of populations.
Among the previous models based on the form of √ෆ (Heightϩෆ Weight), the best formula to measure BSA was Niya's formula (1931) . The constant of the formula proposed by Niya was '5.4' and, interestingly, the constant of the model proposed by the present study was '5.36'. Herein, it may be deemed that the constant '5.3-5.4' would be suitable for the 'K' of the formula in the form of 'Kϫ(HϫW) 0.5 ' for Asians. Mosteller (1987) 's formula based on the form of √ෆ (Heightϩෆ Weight) is in a sense unique. Eliminating the constant K, 'HeightϫWeight' was divided by '3,600'. Because this formula is simple and easy to remember, some researchers mentioned that the equation is more convenient to apply in day-to-day clinical practice than a nomogram (Lam and Leung, 1988) . In the present study, the accuracy of Mosteller's formula can be evaluated as fair (Table 5 ). According to Tikuisis et al. (2001) and Verbraecken et al. (2006) , Mosteller's formula overestimated BSA more as body size increased.
DuBois and DuBois's formula (1916) showed the tendency of a slight underestimation but was fair on the whole (Table 5 ). The formula underestimated the BSA of children by a BSA of 0-1.3 m 2 (Sendroy and Cecchini, 1954) , and underestimated the BSA of newborns and infants by about 6-8% (Haycock et al., 1978) . In Kurazumi's study (1994) with Japanese adults, however, the mean error of DuBois and DuBois's formula (1916) was Ϫ0.4% (Ϫ6.8ϳϩ6.3%). When reminded that the formula was derived from the BSA of nine subjects, we may note that the accuracy of the formula is high. Human body shapes are not exactly the same among races but seem to have uniformity within narrow limitations. DuBois and DuBois's formula and the [Eq. 2] of the present study reflect this point well.
Among the formulas based on 'Height a ϫWeight b ', it was Choi's formula for males (1956) that showed the least mean error. This point is remarkable because Choi's formula was the only formula whose subjects were Koreans, among all previous formulas. In other words, the formula based on Korean males in the 1950s was best suited to measure the BSA of Koreans in the 2000s. Despite the fact that Koreans' height and body weight has increased over the last 50 years, the reason this result was obtained is because the human body increases symmetrically.
The equation derived by Boyd (1935) was 'BSAϭ3.207Weight 0.7285Ϫ0.0188 log W Height 0.3 '. Boyd indirectly measured the BSA of 401 subjects. Her formula has been known as the most complicated equation. In the present study, the error of Boyd's formula was not smaller than that in less complicated formulas (Table 5) . Therefore, we do not recommend Boyd's formula for estimating BSA from the viewpoint of simplicity.
The US EPA (1985) determined that the equation proposed by Gehan and George (1970) was the best choice for estimating the BSA. In the present study, the mean error by Gehan and George's formula was Ϫ1.2%, and Ϫ0.02% in Tikuisis et al. (2001) and Ϫ5.7% in Yu et al. (2003) . The Gehan and George formula showed a tendency to underestimate the BSA in small people, and a tendency to overestimate the BSA in big people (Tikuisis et al., 2001 ). This tendency was consistent with the results of the present study. In the present study, Gehan and George's formula underestimated the BSA of the lean people and overestimated the BSA of overweight people (Table 8 ).
In the area of BSA study, there are few reported studies of the BSA of African peoples, except Nwoye's studies (1989 Nwoye's studies ( , 2003 . In general, Africans are considered to be thinner and taller than Asians. Actually, in comparing the anthropometric data in 20 African males (Nwoye, 1989) with the data in the 34 Korean males of the present study, the BSA of African males was greater than the BSA of Korean males at similar levels of height and body weight. The BSA per body weight was 320 cm 2 /kg for Africans but 273 cm 2 /kg for Koreans (Lee, 2005) . Schreider (1957) also showed that indigenous tropical dwellers have longer limbs than temperate climate dwellers.
There is no doubt that a large surface area to mass ratio is a useful thermoregulatory adaptation. The main difference between Nwoye's formula and previous formulas lies in the size of exponent in the height and weight. The exponent of height in the equation is much larger than in other equations. This means that height is more important than weight in determining the BSA of Africans, in comparison to that of Caucasians or Asians.
Breitmann (1932) first proposed the model based on the form 'HeightϩWeight'. In as much as the dimension of the sum of height and weight is not bi-dimensional, Breitmann's attempt was unique. Breitmann's formula meant that 1 cm of height and 1 kg of weight are interchangeably equivalent in affecting an individual's surface area (Sendroy and Cecchini, 1954) . According to the present study, the mean error in Breitmann's equation was 0.2% (Ϫ6.6-7.0%). Sendroy and Cecchini (1954) reported that Breitmann's formula showed a tendency to overestimate by 7.1%. The relationship between BSA and the 'HeightϩWeight' needs to be remembered. As is shown in Fig. 3 , the sum of height and weight may show a nonlinear relation to BSA in the case that BSA was too small or too large. Sendroy and Cecchini (1954) had already reported that the scatter line of the BSA and the sum of 'HeightϩWeight' showed a non-linear tendency in the range of less 0.8 m 2 and more than 2.2 m 2 in BSA. Therefore, 'HeightϩWeight' alone is limited in its applicability for the estimation of BSA out of the range of the normal.
Can the formulas derived from the present study be applied universally?
Before discussing this issue, the validity and reliability of the alginate method should be mentioned in advance. Regarding the validity of BSA-measurement, unfortunately, nobody can know the true value of a living human's body surface area. For that, we reported the validity of our new method on various geometric solids (Lee and Choi, 2006) . The method had a mean error of 2% when measuring the surface area of geometric solids. What is interesting is that the error depended on the property and slope of the solids. When measuring the solids with surface similar to human skin, the error decreased to less than 1%. Based on this result, we assumed that the measurement error of the alginate method is less than 1% on human skin.
To check the error of formulas derived from the present study, it will be necessary to gather other anthropometric datasets obtained from other studies as well as the datasets from the present study. There may be measurement errors among the datasets because the methods measuring BSA were different in every study. Hence, the present study assumed that there was no measurement error due to the difference of measuring methods, and the 506 subjects had symmetrical physical characteristics.
First, the errors of [Eq. 1] and [Eq. 2] were smaller than the errors obtained when the DuBois and DuBois's, Gehan and George's, and Mosteller's formulas were applied to the same 506 datasets (Table 6 ). As mentioned above, the 506 datasets included Koreans, Japanese, Indians, Caucasians and Africans. Therefore, [Eq. 1] and [Eq. 2] can be applied to other races. However, for the DuBois and DuBois's, Gehan and George's, and Mosteller's formulas, the mean errors showed less than 2%. That is, we confirmed the applicability of these formulas.
What we have to remember is that the accuracy of the formulas from the present study is not guaranteed in the case of newborns or children. We selected children's datasets (Nϭ44) among the 506 datasets. As expected, the error of formulas increased. Especially, [Eq. 4] based on the 'HeightϩWeight' had the tendency of overestimation by 14% of the BSA. Regarding differences by body shape, Gehan and George's, and Mosteller's formulas significantly underestimated the BSA of lean people and overestimated the BSA of overweight group (Table 8) .
Overall ). The DuBois exponents were logically constructed based on the notion that surface area is bidimensional, height is one-dimensional, and body weight is three-dimensional.
How accurately can the BSA be estimated?
Let us suppose an ideal situation where all kinds of measurement errors are eliminated and there is a perfect formula without any defect by sex, body shape, or race. Are we able to know the true BSA of humans? Unfortunately, the answer is still 'No', because of the circadian fluctuations of height and body weight.
Fluctuations of height and body weight over the day can result in a difference of the estimated BSA. In general, it is known that the height of a human is tallest upon wakening and the smallest at night, because of the influence of gravity on the vertebra of the human body. Body weight also shows some fluctuation over the day according to meals and bowel movements. It is reasonable to suppose that the range of height and body weight for a day are 1 cm in height and 1 kg in weight. If the height and body weight of a man is 168 cm and 58 kg, the range for a day may be within the range of 167.5-168.5 cm in height and 57.5-58.5 kg in weight. In this case, the BSA estimated by [Eq. 2] will be from 16,805 cm 2 to 17,002 cm 2 . The error of the estimated BSA is from -0.6 to 0.6% (total 1.2%).
When considering the fluctuation of body weight and height in the 65 subjects that participated in the present study as 1 kg and 1cm respectively, the predictable error of the estimated BSA for a day was 1.1 (0.8-1.3)% for males and 1.2 (0.8-1.6)% for females. The value 1.1% or 1.2% means the error possible through circadian fluctuations, not the error resulting from a defect in formulas or measurement error. An accurate range for circadian fluctuations in the human body is not known. Moreover, it is not certain whether the subtle fluctuations of height and body weight make a real BSA change.
Conclusion
We directly measured the entire body surface area (BSA) of Korean adults using alginate (mean 18,339 cm 2 for 34 males, 16,452 cm 2 for 31 females). Based on these results, regression models to estimate BSA were derived. Body weight and height were selected as the optimal explanatory variables out of the anthropometric variables we measured. Even if three explanatory variables were used, the explanatory power of formulas did not increase. We suggest the following formula based on two variables and the DuBois exponents: Estimated BSA (cm 2 )ϭ73.31 Height (cm) 0.725 ϫBody weight (kg) 0.425 . Among several formulas obtained from the present study, the formula above did not show any tendency of overestimation or underestimation by body shape, even when applied to the datasets composed of other races. Furthermore, it was of interest that the accuracy of DuBois and DuBois's formula was strikingly high when considering that the formula was based on only nine subjects.
